Introduction
consecutive samples dropped below 0.5 pixel, corresponding to a speed of 2.6 deg/s. The part 155 from the starting point to the end point was cut out to be replayed. All the trials were visually 156 checked and discarded if the procedure did not lead to a reasonable segmentation (1.6%). The 157 motions (sampled at 100 Hz in the finger tracking) were adapted to the screen refresh rate at 158 120 Hz by linear interpolation between two nearby samples.
159
In the control tasks, at the beginning of each trial, observers were presented with a fixation 160 spot in the center of the screen. The fixation spot was a green bull's eye, with an outer radius 161 of 1 deg and an inner radius of 0.15 deg. The observers were asked to fixate the spot and press 162 a button to start the trial. After the button press, a drift-correction of the eye-tracking system 163 was performed. If the drift correction was successful, the inner radius of the fixation spot 164 would expand to 0.25 deg, which would serve as the pursuit target. After a fixed duration of 1 165 second, the target began to move either to the left or to the right. The observers were required 166 to track the pursuit target as closely as possible.
167
We manipulated the predictability of the dot motion in three control conditions. In the 168 unpredictable condition, the trials were randomized thus the motion direction was completely 169 unpredictable. In the predictable direction condition, we grouped the trials by motion picked and presented to the observer repeatedly in all trials. The representative traces were 174 picked so that they had similar moving duration, amplitude and starting speed as the averaged 175 trace of each observer. In the predictable trace condition, therefore, the observers were able to 176 predict the moving direction as well as the whole movement kinematic. The random direction 177 condition and the predictable direction condition had 118 trials on average, as we excluded the motion trajectories if we couldn't obtain a good segmentation (1.6%). The predictable 179 trace condition had 120 trials (60 left-going, 60 right-going).
180
Finger movement recording 181 The position of the finger was tracked at 100 Hz by a Zebris ultrasound motion capture 182 system (Zebris Medical GmbH, Isny i. Allgäu, Germany) controlled through a custom made 183 Matlab toolbox (MathWorks, Natick, MA, USA). The Zebris marker was fixed on the 
187
Eye movement recording 188 Eye movements were recorded at 500 Hz using an Eyelink II head-mounted eye tracker (SR 189 Research, Missisauga, ON, Canada). A chin rest was used to limit the head movements.
190
Analyses were all based on the right eye movements.
191

Data analysis
192
To detect the finger movement onset, we first selected a rough estimate, which was the first analyses, the Bonferroni correction was used for multiple comparisons.
210
Results
211
The observers were able to balance the two movement directions (left trials: 49.9% on 212 average, ranging from 45% to 55% across subjects). The mean absolute speed of the finger 213 movement over the whole trial was 17.9 deg/s, ranging from 8.7 to 32.3 deg/s. The mean 214 movement length before turning back was 18.7 deg (13.1 cm), ranging from 11.3 to 24.6 deg.
215
Anticipatory smooth pursuit of finger movements
216
In finger tracking, after the onset of audio cue, observers overall moved the finger at 416 ms,
217
and moved the eye at 396 ms. Across 10 observers, finger response times and eye response 218 times were highly correlated, r = 0.99, P < .001. The variability of finger/eye response times and the predictable trace condition, the pursuit latencies were comparable with those in the 226 finger tracking condition, 2.1 ms (SD = 38.5) and -7.7 ms (SD = 41.9), respectively. Repeated than the unpredictable condition (all P < .001). Repeated ANOVAs over the standard 230 deviations also revealed significant differences, F(3,27) = 9.6, P < .001. Finger tracking
231
showed less variance than the predictable direction and predictable trace condition
232
(marginally significant, P = .077, P = .065, respectively). Random direction condition had 233 less variance than the predictable direction and predictable trace condition (P = .016, P = .037, conditions.
242
[
Tracking the finger with considerably fewer saccades
The rate of saccades is an important index of smooth pursuit performance. We measured the 252 saccade rate for all the conditions time-locked to the motion onset. Finger tracking showed 253 very few catch-up saccades (Fig 3) . This was especially evident in the initial period of the 254 pursuit. In the time window of 100-400 ms, 51% of all the trials did not have any saccade in 255 the finger tracking condition. In contrast, only 9% of the trials were saccade-free in the 256 unpredictable condition and around 20% trials were free of saccades in the two predictable 257 conditions (Fig 4) . An arcsine transformation was applied to the proportion data to normalize 258 the data and to stabilize variance (e.g., Theeuwes, 1994 all P > .10.
263
The eyes led the finger during pursuit saccades were again needed in order to catch up with the finger motion.
281
The eyes turned exactly at the same time as the finger
282
The task required observers to reverse the motion of the finger and return to the center before where the displacement reached its peak (Fig 6) . In the finger tracking, the eyes turned significant less delay than the random direction condition, P < .001, and the predictable 289 direction condition, P < .01. The other comparisons did not reach significance (all P > .18).
290
As the trace itself was not predictable in the predictable direction condition, it is reasonable 291 that it had a higher delay than the finger tracking. There was a general tendency of decreasing 292 delay with increased predictability (from random direction, to predictable direction, to 
295
This is most likely due to the fact that the target began to slow down before turning, making 296 the turning points roughly predictable in all the trials.
297
-------------insert Fig 6 here-------------]
We observed better ocular tracking of self-motion in comparison to the tracking of externally 300 driven dot movements with identical trajectories. Tracking performance was enhanced in 301 terms of reduced pursuit latency, reduced rate of saccades, both backward catch-up saccades 302 in the early phase of motion ( Fig 3B) and forward saccades in the later phase (Fig 3A) , and by means of saccades in all the control conditions. These novel observations further suggest 317 that finger tracking is unique and that non-visual prediction mechanism dominates the pursuit 318 in finger tracking.
319
Experiment 2 320
We observed anticipatory smooth pursuit during ocular tracking of self-generated hand 321 movements in Experiment 1. As it is well known that lateralized readiness potentials (LRPs) based on 3 horizontal pre-defined locations on the platform. As described in the Procedure, in 379 the beginning of each trial, the eyes were fixating on the fixation spot in the center of the 380 platform, which was located in between the two fingers. In most of the trials (93.3%) in the
381
Pursuit condition, the observers executed a small saccade to the finger that was about to move.
382
In this case, the initial saccade was strictly necessary to move the eyes from the center 383 fixation spot to one of the two fingers, and the onset of the pursuit immediately followed the 
Results
431
Observers were generally able to follow the instructions to either track the finger in the 
443
-110, -128 ms). Across observers, finger response times were correlated with eye response 444 times, r = 0.78, P = .002 (Fig 7) . Moreover, the variabilities of finger and eye response times
445
were correlated, r = 0.92, P < .001. These results showed that observers did co-plan and co-execute the finger and the eye movements in the task. predictable trace condition, respectively).
[-------------insert Fig 7 here-------------]
454
Our primary interest was to investigate the link between LRPs and the eye movement latency. fold. First, we split the Pursuit trials into "early pursuit" and "late pursuit" based on the 462 median of the eye movement latencies for each observer. We found that the "early pursuit" 
[-------------insert Fig 8 here-------------]
Stronger LRPs in "early pursuit" trials
472
For each observer, the eye movement latencies relative to the finger onset resembled a normal 473 distribution. We aimed to find whether the trial-to-trial variance of the eye latency was related 474 to the LRPs. To avoid the artifacts from eye movements, the 100-ms time window before the 475 earliest eye movement was selected for LRPs analysis (Fig 9, shaded window) latency into "early pursuit" trials and "late pursuit" trials. We were therefore able to compare 481 the LRPs between the "early pursuit" and the "late pursuit" trials. was different in two groups of trials (14.0 vs. 14.5 deg, t(11) = -3.44, P < .01) but the early 509 pursuit trials had a shorter movement length, which is unlikely to be the reason for larger
510
LRPs. Therefore, the stronger lateralized potentials in the early pursuit trials cannot be 511 explained by the finger movement itself.
512
Larger LRP associated with early pursuit latencies in individual trials 513 We constructed a linear mixed model to use the LRP signals to predict the eye movement across 12 observers, r = -0.71, P < .01 (Fig 11) . One subject (the dot in the upper left in the 537 figure) appeared to be an outlier. The result remained the same after excluding this subject (r 538 = -0.69, P < .01). Note that given the reversal in the correlation, the result showed that the 539 earlier the LRP latency was, the earlier the eyes started to move for individual observers.
540
An alternative explanation for the across-subject correlation may be that the observers who 541 tend to pursue early also tend to make some small eye movements even in the Fix condition. LRPs between trials, the trials were aligned to the finger movement onset, and the earliest eye onset was only used to exclude possible eye-movement artifacts in the epochs. We chose not 566 to align our epochs to the onset of eye movements, as previous studies did, so the eye 567 movement preparation signals we observed are estimated very conservatively.
The source of variation in the LRPs across trials and across subjects is not completely clear.
569
The larger LRPs in the early pursuit trials relative to the late pursuit trials were not associated with stronger predictive signals to the oculomotor system, leading to an earlier pursuit onset.
574
As for the variance of LRPs across subjects, it may reflect the individual differences in the 575 central response organization and the execution of motor responses (Osman & Moore, 1993) .
576
The correlation of LRP amplitude and eye latency across subjects suggests that the central 577 body and oculomotor system are closely tied. The bar plot shows the histogram of eye latencies. Trials were split based on the median eye latency 862 into early pursuit and late pursuit. Individual EEG traces were aligned to finger motion onset (time 0). 863
The corresponding LRPs (red lines) were computed as the potential difference between electrodes C3 864 and C4. The EOG signals (black lines) were computed as the potential difference between left 865 horizontal EOG and right horizontal EOG electrodes. The 100-ms shaded window before the earliest 866 eye onset was used for analysis, which is before the EOG artifacts come into place. Relative Jackknifed LRP latency (ms)
